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The present mventian provides miaofluidic de- 
vices and systems (100) tfmt utilize optical detectian 
systems, and where one or more light altering optical 
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MICROFLUIDIC DEVICES AND SYSTEMS INCORPORATING INTEGRATED 

OPTICAL ELEMENTS 



CROSS REFERENCE TO RELATED APPLICATIONS 
This application is a continuation of and claims priority to Nagle and 
Kennedy "MICROFLUIDIC DEVICES AND SYSTEMS INCORPORATING 
INTEGRATED OPTICAL ELEMENTS," filed February 24, 1998 (USSN 09/030,535), 



analytical chemical and biochonical opmtions. These technologies provide advantages of 
being able to perform chemical and biochemical reactions, maciomolecular separations, and 
the like, that range fiom the shnple to the relatively complex, in easily automatable, higji- 

15 tfaroug^ut, low-volume s^tems. In particular, these systems enqiloy networks of 

int^rated microscale channels in vfbidh matmals are transported, mixed, sqiarated and 
detected. The sniall size ofthesesystenisaUows for the peifonnance reactions at 
substantially greater rates, and wifli substantially less reagent volume. Further, the 
development of sophisticated material transport systems has pmnitted the development of 

20 systems that are readily automatable and hi^yr^m>ducibl^^ 

Because of theu* small size, muapflmdic £|ystems have typically requhed the 
use of relatively sophisticated detection systems ,to monitor the progress and results of the 
operation being performed by the system. In particular, as noted above, the extreme small 
scale of some nucn>fluidic syst^ns results m veiy sniaU voluines of reag^ 

25 the like, being used Consequentiy, the amount of material that can be ultimately detected, 
e.g., using ah optical detection system, is also very small. In order to address these issues, 
detection systems have become more sophisticated to either boost the detectable signal 
produced from material sought to be detected, increase the sensitivity of the 
instrumentation, or a combmation of the two. For example, microscopes equipped with 

30 photomultipliers enhance the ability to detect fliiorescently labeled mat^als within 
microscale charmels. Further, the use of las^-induced fluorescence also enhances the 
amount of signal produced fit)m these fluorescent materials. 



10 
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Although ttiese sophisticated d^ection systems have addressed many of the 
problems associated with detection in microscale fluidic channels, a numbo- of problems 
ramiin, such ais difBculty in optimally aligning these instruments, the cost and . 
Kjphisticalionofproviding robust optics for such systems and flie like. Fuithv.astiie 
number of applications for microfluidic systems moeases, it will inehide a similar increase 
in flie type of (q)tical detection systems to be used. The use of spedficaUy tailored detection 
qrstems for each different i^Ucation will present a likely prohibitive cost bairi The 
present invention addresses many of toe problems outiined above, as well as otiieis. 

gTTMMARY OF THE INVENTION 
The present invoition i»ovide& microfiuidic devices for use in performing 
analytical operations fliat employ optical detection systems. In particular, flie prosent 
invention provides microfluidic devices, and systems inooipprating sudi devices. which 
have at least one component of the optical detection system as a part of tiie miaofluidic 

device. ■ . ■ 

In a first aspect, the present invention provides a microfluidic device which 
coniprises a body stnicture havmg a microscde channel disposed flieiOT., The de^ 
inchides a light altering optical element integrated into the body jstructure adjacent to Ac 
microscale channel. wher*y at least a portion of light passmg fipm or to tiie mioosc^e 
channel is transmitted through tiie light altering optical clement, In preferred aspects, the 
body structure of the device comprises a first planar substrate having at least first and 
second opposing planar surfeces, the microscale channel being febricated into the first 
planar surface of tiie first substrate, and flie light altering optical element being fabricated 
into ttie second planar surface of tiie first substrate adjacent to flie microscale channel in tiie 
first planar surfoce. Also included is a second planar subsbate overlaying ttie first surface 

of the first planar substi:ate. 

In an altetnite a^eqt, a third substrate layw- is provided having at least a first 
planar surface and a second surfece. Ibe first phmar surface of tiie tiiird substrate layeris 
bonded to one of tiie second planar surfece of tiie fiiirt planar substrate or tiie second planar 
surfece of tiie second planar subshate; The tiiini substrate also inctades a tight 

optical element ^iticated into tfie second surface of Has fliird substrate. 

In still anotiier related aqiect, flie present inventicm also provides a 
microfhtidic device, which apprises a body stiuctiire havmg an i^ 
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exterior portion. At least a first microscale chaimel is disposed within the interior nof 
the body structure. A detection window is provided disposed on the exterior portion of the 
body structure, whereby the detection window provides optical access to the at least one 
microscale channel. In this aspect, the detection window comprises a light altering optical 
S element integrated into the body structure. 

Also provided by the present invention are microfluidic systems, which 
comprise a microfluidic device comprising a body structure^ at least a first micrpscale 
channe l disposed in the body structure, a transparent region in the body structure, the 
irsavspsaeat r^on including a light altering optical element mtegrated into die body 
10 structure. The systems of the invention also typicfiUly comprise optical detector disposed 
adjacent to the detection window. The qptical d^ector conq)rises an objective l^ for 
collecting an optical signal transmitted fixmi the mioroscale channel, via the light alteriiig 
optical element; and a Hglit detector for measuring an amount of li^t collected. 

IS miFF DESCRJ PTIQN OF THE FIGURES 

' Figure 1 schematicaUyillustmtes a gaeral 
body structure fbat incorporateis multiple substrat&layas. 

Figure 2 is a scheoiatic iUustration fixim'A^^^^ 
having a light altierihg optical element inte^ratod mto ttie body stracture of the .device. 
20 FigiireSiisasdiemiaticffl 

altering optical element integrated into die body sta^ 
incorporation of an iedditional rab 

Figure 4 is a sdiematic illustration of a system utilizing a miopfluidic device 
that includes polarizers integrated into Ae bveiwll body structure of the device,, ,aiid a 
25 detector system for use with such device; 'i'^-:.:::.-^--: /. 

DETAILED DESCRIPTION OF THE INVENTION | 
L Qer^ . -( •. 

The present invention generally provides inicrofluidic devices that have one 
30 or more optical elements that are employed in ttie use of such devices, as- an integral portion 
of the device itself e.g., incorporated into or attached to the body structufe of the device. 
These devices address a number of the problmis that are associated with optical detection 
systems that have been used in corijunction with micrefluidic systems. 
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Typical microfluidic systems «iploy a body structure or substrate that has at : 
least one micioscale chaonel disposed within it. Examples of such systems range from 
simple tubular capillary systems, e.g., fused silica capillaries, to more complex planar 
devices that can have firom one to several intersecting chaimels disposed therein, i.e., 
5 between at least two planar substrate layers. Mioofiuidic systems generally have a broad 
range of uses including sq[>aration and characterization of macromolecular species, e.g., 
proteins and nucleic adds, see e.g., U.S. Patent No* 5^699,157, soeening assay platforms, 
e.g., drug screening, diagnostics, etc. See, e.g., coimnonly owned Published PCT 
^plication No. WO 98/0023 1, each of which is incorporated h^in by reference in its 

10 entirety for all purposes. 

In many cases, microfhudic systons utilize optical detection ^s^^ 
p^rfiinnance of their analytical and/or synthetic functions. These optical detection qrstems 
generally require the presence within ihemicrofluidic system of an optical access point, 
e.g., adetection window, whoreby li^t energy can be transmitted to and from one or more 

15 channels of the system. Such detection windows are typicaDy made iq) of 

tranq)arent region of the body structure of the device. This is a simple solution where body : 
structures are fabricated from traiisparent substrates, e.g., glass, quar^ 

polymers. - < • • • • . • . • 

In operation, an optical detector is placed adjacent the tran^arent region of 

20 the device, where it collects optical signals from the channels of the device. Jhe optical 
detector; for its part, typically includes a number of optical elements to aid in the reception, 
transmission and detection of the optical signal. Many of these optical clients are cq>able 
of affecting or alt^ing the light diat passes, through themu As used herein, a "'ligjht altering*' 
capability, is the ability of an optical element to alter the amount, spectrum, direction, path, 

25 or polarity of light passing through that optical element Some examples of such light . 
altering elonents include lenses, optical gratmgs, fflters, beam splitters, mirrors, optical 
coatings, e.g.; antireflective coatings, and. the like. Optical detectors also often include liglit 
sources J.e., lasers, LEDs, hi^ mtensity to 
e.g., fluorescent, absorbance^based or oolorimetric detection sdiones. 

30 While the optical detection systems described above have proven very useful 

in the operation of microfluidic systems,' tfiese detection systems have a number of 
drawbacks. For example, because microfluidic systems utilize extremely small-scale 
chaimels in which detection occurs,, alignmoit of an external detector at tfie detection point 
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becomes a difficult proposition. In particular, one must align an external detector widx 
precision in order to c£q)ture optimal signal fix}m cbamels that typically range fix>m about 
10 to about 100 ^m wide. Alignment of the detection optics is generally carried out by^ 
scanning the detector across the detection window^ e.g., in the x-y axes, until an optiinal 
5 signal indicative of alignment is achieved This type of aligmnent, however, is v^ time 
consuming, and in the case of automatic alignment syst^ns, has an additional cost in terms . 
of die required equipmCTt, and the like; A similar method is employed in focusing these 
detection systems, where the detector is moved along the z-axis, eig., closer to and further 
fixmittie device, uiitil an optimal signal is received. ^ 

10 Similarly, because tfiere is typically an air gap between the substrate or 

device and the first optical element of the detector, the light delivery and collection 
efficiencies of sudi systems are alsd reduced > t . . : . . v 

In addition to problems with alignmeaitrand light collection efficiency, 
optical detection systems also must typically be tailored^to tfie particular applicaticm being 

15 performed withiri die iiucn>flmdicdevice^ For exampl^^^^ 

typicaUy must include higjh iht^ity Ug^ sources; dichrbic filtm, beam splitters^ 
photomultipliers'and the like, to excite fluoresceiitspecies in the cfaarmel, s^arate the 
emitted fluorescence fiom the reflected excitation ligiht, and measure the emitted 
fluorescGQce. Additiorudly, tiie combination of different filters, dichr^ and beam splitters 

20 must be tailored further for the specific fluotescnt sptetra of the operation (hat is bdng r 
performed within the system, e.g., depending upon the fluoresc»t label, or combination of 
fluorescent labels used. Diffident detection schdncs- eJg.; d>soibance, i.e., U.V. or 
colorimetric, require a different set of opticaI'elements,<by vurtue of having littie or no need 
for lig^it-separation optics. The need for optical systems that are specifically tailored for 

25 different detection schemes, assays or the like, further escalates the costs associated with 
perfonriing the full range of optical aiialyses in microflmdic s)^ 

III acconlancewitii the present invOTtioii, inicrofluidic devices ar^ . 
where the body structure is fabricated to include at least one light altering optical elmient 
The incorporation of such elonents into the body structure of the device permits the use of 

30 more universal detection systCTis, as the microfluidic device itself meets many of the 

specific optical requirements for its particular q)plication. Additionally, iiicorporation of 
optical elements also can fu^ilitate alignmrat of microfluidic devices within the detection 
system, by providing a pre-aligned lens. Further, the inclusion.of integrated optical 

5 

11/22/2002, EAST Version: 1.03.0002 



wo 99/44217 



PCTAJS99/03901 



elonents provides enhanced efficiencies in teims of light collection and delivoy. For 
example, incorporation of a lens molded into the body structure or substrate of the device • 
allows for a.numerical aperture (NA) that can be greato- than 1, and ligjit deliv^ and 
collection efficiencies for lenses are both proportional to (NA)^. Similarly, losses due to 
5 total internal reflection are minimized. 

In a further advantage* the incorporation of certain optical elements in the 
mass produced microfluidic devices can provide advantages in terms of cost, ov^ the 
inclusion of more robust versions of the same elemmts in the detection instrumratation. 

10 IL fatefzrated Optical Components 

As noted above, the microfluidic devices of the present invmtion typically 
conq>rise a body structure having one or more microscale channels disposed therein. As 
used herein, die temi **microscale or microfluidic channer refers to a fluid channel or 
conduit that has at least one cross-sectibnal dimoisibn, e.g., width, dq)tfa or diameter, of 

15 between about 0.1 and 500 |im. Preferably, such channels have at least one cross sectional 
dimension in the range of firom about 1 to about 200 ^m and more preferably, fixmi about 5 
to about 100 |un. " * i/ V - 

In preferred aspects die micrdifluidic devices described herein are planar in 
stroctuPe,alttiough non-planar device structures, e.g., tubidar structures^ are also possible 

20 within the scope of the present invention^ In the pla^ device structures, the body portion 
of the device is typically fiabricated fix)ni one or more planar substrate layers. An example 
of this planar layered stracture is iliiistrated in Figure 1 . In particulsur, the body of the 
microfluidic device 100 includes a'first plaiik substrate 110 diat is filnricated with a series 
of groove and/or depressions 1 14 iii its iq>per surfa^^ 12. These grooves or depr^ons 

25 correspond to the channeVchaihbor giklmetiy 6^^ 

substrate i02 is then overlaid and its lower suiface 104 is botided to the surface of the first 
siibstrate to seal and define the last wall of the ch^els/chmibers of the devicei Optional ' 
ports/reservoirs 106 are provided in the body structure and in fluid communication with die 
channels ofthe device, to provide fluid arid/or electric^ These 

30 ports/reservoirs are generally provided ais apertui:^ disposed flubu^ the vppet substrate 
layer 102, e.g., cbnhectmjg sur&ce the upper surfacb with lower surface 104, whereby they 
will fluidly communicate widi one mdne of the sealed idiaimels 1 14: These devices also 
QpicaUy include an optical detection window 1 16' to perniit nieasurenient of optical signals 

6 

11/22/2002, EAST Version: 1.03.0002 



wo 99/44217 



PCT/US99/03901 



6om die channels. Examples of microfluidic devices incorporating this planar body 
structure are described in substantial detail in Published PCT Application No. WO 
98/00231 , WO 98/00705, and U.S. Patent Application No. 08/845.754, filed April 25. 1997. 
each of which is incorporated herein by reference. 
5 Typically, these microfluidic devices employ fluid or material direction 

systems to transport fluids or other materials through and among the channels and chambers 
of the device in order to perform the combinations, separations or other operations in 
canying out a given analysis. Exanqsles of such transport systems include pneumatically or 
hydraulically driven systems, e.g.. as described in publi^ed PCT Application No. 

10 97/02357. systems incorporating micro&bricated pumps and/or valves, and. in pref(nrred 
aspects, electrbldnetic nuHmal tranq)ort systems. 6.g.. as described in Published PCT 
Application No. 96/04547. 

As noted above^; the microfluidic devices of the presmt invention include an ; . 
optical detection window disposed in fhe body structure of .the device adjac«t to one or 

15 more of the included microscale channels. In accordance with ttie present invmtion. these , 
optical d^ection windows include at least one lUght sdtering optical element integrated into 
the body structure of the device. As used herdn, the phrase ''integrated into** refers to 
optical elements flial are either fabricated intp Ae bCMlyjfti^ or are attached to the body 
structure such that the opticd element(s) and tody stru fprm(s) a single integral unit. 

20 The Hg^t altering optical element is capable of tran^tting U^t while altering the amount. . 
spectrum^ polarity or path of the light transnutted therethrough. The integrated optical 
element may be fiebricaled into, or attadied to the body structure, as described in greater 
detail below. Examples of particularly prefeired pptic^ 

spherical, asphcric, fi^el, binary) to p^pmi nuigoifying^ cpUimating, ligjit 

25 delivery, light collection or focusing fimctions,,optical,filters (spatial or wavelengdi 

selecting), optical gratings, optical coatings (e.g., dichiipic, antireflective, reflective), beam 
splitters, waveguidesi TIR minors, polarizers and the like; For a discussion of these optical 
elements, see, e.g.. Handbook of Optics, vpliune n, (1995 McGraw-Hill), which is. 
incorporated herein by reference in its entirety for all ^ 
30 In one aspect of the present invention. , the optical elemrats described ahpve 

are typically fabricated into one of the substrate laya:s that makes up the body structure of 
the device, Cig.. the fffst or second substrate layer described previ usly. A schematic 
illustration of a device mcorporating an optical^ element in one of the layers of the body . 
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Structure is shown in Figure 2. As shown, the deWce 100 includes a first planar substrate 
layer 110 and a second planar substrate layer 102. The channels) of the device 114 (shown 
in cross-section) are ftbricated into the first substrate lay^ 1 lo as a groove or depression. 
The second substrate layd* 102 is overiaid and bonded to the first substrate 1 10 to seal the 
5 channel(s) 1 14. An optical element, shown in Figure 2 as collimadng lens 202 is also 
shown fid)ricated into the first substrate layer 1 10 at the point of the optical detection 
window (1 16 fix>m Figure 1). The Iras 202 is positioned so as to permit transmission of an 
optical signal Scorn the chahhel 204, as well as permitting transmission of external li^t 
energy 206 into the chaxmel, e.g.i for use in fluorescence or absoibance based detection. In 

10 particular, as shown, lens 204 is illustrated as a cdllimafing Ims; whereby light «utted 
fiom, or reflected by the cont^ of tfae channel 1 14, passes throujgh lens 204 and is 
collimated, so as to be efficiently collected by the optical detection system, as represented 
by objective lens 208. As shown, the collimating lens 204 allows more lig^t to be gafiiered 
by the objective lens 208,^ as well as allows simpld: alignment of fiie objective lens, e.g., 

15 over larger lens 204, as bpposed to the much smaUe^ 

As iUustrated, the optical dement is fabricated into^ 
i?^4dch was fabricated the fluidic elements of the device, e.g., the imicroscale channels. In 
many cases, this permits the fabrication of bbth the fluidic and optical elements in the same 
fabrication step. In particular, where polymeric substrates are used in the body structure of 

20 the overall device, the same &bricatibn techfiiques used in producing the fluidic elements, 
e.g., injection molding, embossing, and the like, arc also used to fabricate structurally 
defined optical elements. Although not shown, it will be iqppreciated that fiie optical 
element can also be fabricated into the iipper substrate, depending upon the orientation of 
the optical detector relative to the device, i.c., above or below. 

25 In m alternate aspect, the microfluidic devices of the pre^ 

include an adcfitional substr^e layer, i.e., in addition to the at least first and second substrate 
layers, diat ihcorporetes the' light altering optical element or elements, but does not 
necessarily define any ofthe fluidic elements of the imcn>fl The additional 

substrate layer is typically attadied to the body structure of the microfluidic device* e.g., by 

30 bonding, clanq>iiig, or bfiier substantially secure co^ 

An exaimple of a micTofluidic deWce incb^ this altoiiate structure is 
illustrated in Figure 3! Again,as sliown, the device 100 ixicludes a body stn^^ 
• made up of at least two planar substrate layers 102 and HO. The channels 1 14 ofthe device 

8 
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(shown in cross-section), are again fiibricated into the sur&ce 112 of substrate 110. In tiie 
aspect illustrated in Figure 3, a third substrate lay^ 300 is bonded or attached to the bottom 
surface of lower substrate 110. This third substrate layer includes a light altering optical 
elmient, shown as lens 302, fabricated into the third substrate layer 300. Tho use of one or 
S more auxiliaiy layers for the addition of optical elements to die miciofluidic device body 
structure, permits a more gmeralized manufacturing method for the flui(Uc st^ . 
device, e.g., diannels, ports and the like. Specifically, a single type of channel and port 
geom^ry, e.g., layout, can be used in performing a number of different types of analyses, 
each requiring somewhat different optics in its detection scheme. As sudi, each different 
10 type of device can be provided with any of a niunber pf different ppti^ elements by sinqyly 
attaching an q)propriate third substrate Is^er having^the appropriate optipal element 
fidmcatedintoit. Inthisa^ecty tfaepresmtin^ 
interdiangeabihty, naniely, mterchangeabi^ 

intochangeability of tfaei optical detectors. Examples of a coyer layers that are readily. 

1 S attached to the body structure of the device are ^escribed in cpimnonly ^wned U.S. Patent 
Application No. 09/028,965, filed February 2;4»<1^8^.wluch is incorp^^ herein in its 
entirety for all purposes; Spedfically^ tfie cgiticfdr^kments desoibed herdn are readily . 
included in a fimcdonal cover layer that isattachedrto^ ^body structure of the device.. 

Fabrication of tfae -lig^t altering optical> elemeat into the sui&ce of one of the 

20 substrate layors of the body structure is gqi , 
known manufacturiiig techniques, dqiending uppri the type of optical element fiiat is .being 
used. For example^ substrate laym iiicoiporating jdmclurally defined optical elemnts* e.g., , 
lenses, optical gratings, etc., are; pptionally fid)ricated frpm,^^ materials, thus _ 
allowmg production of the optical element as a pprticm of the overall &brication pn»:ess. , 

25 Specifically, the. polymeric substrates inrorporating these optical elements may be produced 
using, e.g., injection molding, embossing, LIGA and related processes. This is particularly 
useful where the substrates that make up the mictofluidicelements of tii^ device also are . 

&bricated fix>m polymeric materials, so that a ^ngle mold can define/provide for both the 

.... 

microfluidic and optical elements of the niicrpfluidic device. In particular^ a mold for the 
30 planar substrate provides on one sur&ce, features that define the fluid charmels of the 

overall device, and on the opposing surface, feature that define the optic4 element These 
polymer fabrication techniques are equally ^jpUcable to substrate layers that are used 
simply to add optical elements to the body structure of the dcndce. 
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The use of polymeric materials in the fabrication of microfluidic devices is . 
described in detail in U.S. Patent Application No. 08/843^12, filed April 14, 1997, and 
incorporated hraein by reference in its entirety for all purposes. Examples of suitable 
polymeric m^t^alg for use in fabrication of the substrate layers of the microfluidic devices 
5 described herein include, eg., polydimethylsiloxanes (PDMS), polymethyhnethacrylate 
(PMMA), polyuicthanc, polyvinylchloride (PVC), polystyrene, polysulfone, polycarbonate 
and ttie like. 

In some cases, ttie micro&brication metfiqds desoibed for use in fid)rication 
of the diannel structures in non-polynier substrates are optionally used in fabricating optical 

10 elments into the sur&ce of the substnUes, e.g.^ in flie case.of silica substrates. For 
«f ample, optical gratings, binary optics or fire^l l^es are optionally etched into the 
surface of the substrate using the lithographic methods described herein, e.g., 
photolitiiognq;)hy, wet chemical etching, smd the like. , See HaruOxxik of Optics, vol II 
pp7.18-7.21 and 8.1-8.18;,0^cGtaw-HiU 1995), pr^pusly incorporated herein ]by reference, 

IS In a number of instances, sifbsteate layers inoorporatmg the light altering 

optical elmmt are fid}ricated fiom, or alternatively, coated with materials that have the . . 
desired light alt^g characteristics. For example, in the case of optical filters, one or more 
substrate layers in the body structure may be, coatjed with niate^als tfiat will transniit ligjit 
falling within a desired wavelmgdi range, . Examples^of such coatings include standard 

20 interference-type filters made form - periodic layers of materials with different indices of 
reflection, and controlled thicknesses. , 

Polarizers arc also optionally included as the Ught altering element on tiie 
body structure of die microfluidic devices described herein. Such polarizers are typically 
employed where the overall device is used to perform fluorescence polarization detection 

25 based assays run in the channels of the device. An example of a device and syst^ that . 
incorporates integrated polarizers for use in such ,fl\w 
schematically illustrated in Figure 4. , 

As shown, the microfluidic device 100, includes a microfluidic channel 114 
disposed between upper and lower substrates 102 and 1 10, respectively. Attached to and 

30 integrated with the outer surfaces of the device 100, are polarizers 400 and 402* The overall 
system into which the microfluidic device is placed,, includes a source of unpolarized 
exdtation li^t 404. Excitation light, e.g., having an s^ropriate excitati n wavelength, 
fiom source 404 is directed at dichroic mirror 406 which is typically selected to reflect the 
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excitation light while pennitting emitted light, e.g., fluorescence, to pass. Excitation light 
reflected by the diduoic 406 is focused by lens 408 through polarizer 402 and onto channel 
1 14 \v1iereby it activates any fluorescent species therein. Polarizer 402 is typically oriented 
in a first plane (e.g., parallel with the plane of the figure sheet) while polarizer 400 is 
S orioited in the perpendicular plane (e.g.^ perpndicular to the figure sheet). Emitted 
fluorescence that is in the same plane as polarizer 400 passes through that polarizo* and is 
focused via lens 410, through filter 412, and is detected by photodetector 414, which is 
q)tionally a photodiode, PMT or the like. Filter 4i2 is provided to filter out any excitation 
li^t thiat passes through the device 10 and pblarizeis 400 and 402. Emitted fhioresdraiice in 

10 the same plane as polarizer 402 passes through that polanizler, throiijgh lens 408, and through 
dichroic 406. This fliiorescCTce then passbs tliroug^'&td^ 416, and is fociised'Vui 1ms 418 
onto photodrtector 420. 

Antiieflective coatings site optionally included on the body structure to ' 
prevent the adverse effects of intCTud reflectmce of Che body strudture. Siich coatings are 

IS goierally well known in the art and include;*e.g;,'8iHcon dionde magbesiuin 
fluoride and'idbe like: ' ' ^ ' • • • . r 

Althouig^ illustrate in toim 
optical elCTientii are optionally indbrpor^ed^'eitfaer ialone, or in combination with one or ^ 
more other optical dementis. For oample, opticid gratings are c^onally includdi to- 

20 spectrally filter or separate lig^L Similafly, prisibs^or beaimi'splitters are optionally iiicluded 
to redirect or separate light directed at or transmitted fiom the channels of tte microfluidic ' 
device. . . . ^. 5. : . v . 

In operation, the liiicrbfluidic deidc^ dlFthb present invCTitibn arts gmerally 
used as a portion of a largd^ microfluidic systemL As 'noted above, such systems typically 

25 include a material transport system. For example,' in the case of hydraulic or pneumatic 
material transport systems, the device is typically coxq)led to an appropriate pressure or 
vacuum source, eith^ for moving materials through the channels, or for operating 
microfabricated pumps and valves to move the materials through the channels. 
Alternatively, the idevice is coupldl with an electrical controller, ^^ch applies appropriate 

30 currents and/or voltages through the channels of the device to a£fect electrokinetic material 
tran^ort Examples of particularly preferred electrical controller systems are described in 
substantial detail in PubUshed PCT AppUcation No. 98/00707, preWously inc^ 
herein by reference in its entirety for all purposes. 

11 
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In addition to material transport systems, the microfluidic syistems of the ' 
present invention also typically include an optical detection system. Optical detection 
systems used in the overall microfluidic systems of the invoition typically include an 
optical train for directing an optical signal fix>m the microfluidic channels of the device via 
5 flie optical element integrated dierein, to an q>propriate light detector, such as a photodiode 
or photomultipliCT tube. In particularly pref^ped aspects, the detector includes a light 
source for directing an appropriate amount of light energy at the chaimels of the device^ in 
order to produce a measurable optical signal, e.g., fluorescence, absorbance, etc. Examples 
of appropriate light sources include, e.g., lasers, laser diodes, LEDs, high intensity lamps, 

10 and the like. The light energy from the light source is typically directed to the microscale 
channel of the device via the optical train, as well as the optical element integrated into the 
device, which are used to transmit the signal back to the detector. 

The invention provides for the use of die microfluidic devices and systems 
herein, for example, for fluid movement within the device, for detlxtion of optical si 

15 from the device or for practicing an assay with the device, e.g., as set forth above. Use of : 
the various components of the devices and systems set forth herein to make the devices and 
systems of the invention are also provided. 

All publications and patent applications referenced herein are hereby , 
incorporated by reference to the same extent as if each individual publication or patent 

20 application was specifically and individually indicated to be incorporated by reference. 

Although the present invration has been described in some detail by way of illustration and 
example for purposes of clarity and understanding, it will be apparent that certain changes 
and modifications may be practiced within the scope of the appended claims. 
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WHAT IS CL ATMPnTR- 



1 1. A microfluidic device comprising 

2 a body structure; 

3 a micioscale channel disposed in the body structure; 

4 a light altering optical element integrated into ihe body structure adjacent to 

5 the micioscale channel, whereby at least a portion of light passing from or to the microscale 

6 channel is transmitted throu^ the ligjit altering optical element 

1 2. The miciofluidic device of claim.:! , wharein the light altering optical elonait 

2 is selected from a lens, an c^ticd grating, a.wavelengtti sele^ 

3 filter, a prism, a polarize and an optical coating. 

1 3. The nucrofluidic device of claim 2i Wh»^ the hght altem 

2 comprises a lens. • ■?:t;^ v i-. - » ^ . .■■ 

1 4. The microfluidic device of claim 3, wherdn the lens is selected from a 

2 niagnifyinglens,ademagnifyinglens^andacolhmatii^ 

1 5. The microfluidic device of claim 2, whqein the light dtering optical elemmt 

2 comprises a wavelength selective filter. . ; : .^-r - 

1 6. Themicrofluidicdeviceof claim U wherein the body stnictur^ 

2 a first planar substrate having at least first and second opposing planar 

3 surfitces, the micioscale channel being fabricated into the first planar surface of the first 

4 substrate, and the light altering optical element being fabricated into the second planar 

5 sur&ce of the first substrate adjacent to the microscale channel in the first planar siuface; 

6 and ^' 

7 a second planar substrate overlaying the first surface of the first planar 

f 

8 substrate. 

1 7. The microfluidic device ofdaim 6, wherein the first and second substrate 

2 layos comprise a polymeric matoial. 
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1 8. The mioofluidic device of claim 7, wherein the polymeric material is 

2 selected from polydimethylsiloxane (PDMS), polymethyhnetfiaciylate (PMMA), 

3 polyuietiiane, polyvinylchloride (PVQ, polystyrene, polysulfone, and polycarbonate. 

1 9. The midofluidic device of claim 2, wherein the light altering optical element 

2 conqmses a light altering optical coating disposed on an outer siuiace of the body structure. 

1 10. The microfluidic device of claim 1, wherein the body structure conq>rises: 

2 a first planar substrate having at least first and second opposing planar 

3 surfaces, the microscale channel being fabricated into the first planar sur&ce of the first 

4 substrate; 

5 . a second planar substrate haviiig at least a first planar substrate, s^d first 

6 planar substrate being bonded to the first planar surface of the first substrate; 

7 a third substrate layer having at least a first planar sur&ce and a second 



8 surface, the first planar surface being attached to one of the second planar surface of the 

9 first planar substrate or the second planar.siu;^^ of the second planar substrate, and 

10 wherein the light altering optical element is fabricated, into the second surface of the third 

1 1 substrate and positioned to receive and transmit light energy to and fix>m the microscale 

12 channel. . . , 



1 11. The miCTOfiuidic device of claim 1 0, wherein at least the third substrate layer 

2 comprises a polymeric material. 

1 12. The microfluidic. device of claim n 

2 selected Scorn polydimethylsiloxane CPDMS), polymethyhnethacryl^ (PMMA), 

3 't>^lyurethane, polyvinylchloride (PVQ, polystyrene, polysulfone, and polycarbonate. 

1 13. A miopfluidic device, comprising: 

2 a body structure having an intmor portion and an exterior portion; . 

3 at least a first microscale channel disposed within the interior portion of the 

4 body stnicture; 
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5 a detection window disposed on the extoior portion of the body structure, 

6 the detection window providing optical access to the at least one miaibscale channel, the 

7 detection window coniprising a Ught dtering optical element integrated with the fa^ 

8 structure. 

1 14. A microfluidic system comprising: 

2 a microfluidic device comprising a body structure, at least a first nucroscale 

3 channel disposed in the body structure, a transparent region in the body structure, the 

4 transparent region including a light altering optical dement integrated into tfie body 

5 structure; - '''-"^ ^' ' -i^' 

6 an optical detector dispoised adjiaicent to the detection window^ the optical 



7 detector comprising an objective lens for collecting an optical signal transmitted fix>m the 

8 microscale dhannel via the light altering optical element, and a light detector for measuring 

9 an amount of ligjit collected. ^ / v i: . v > i / 



1 15. The ridcrofluidic system of cliaim' 14, wherein the light detector is selected 

2 fix)maphotomultipIier tubeaiid a photodiode:^^^^^^^- ^ 

1 16. The microfluidic system of claim 14, wherein the optical detector further 

2 comprises a processor operably Unked to the light detector, for recording an amount of light 

3 detected by the light detector. 

1 1 7. The microfluidic system of claim 14, further comprising an electroldnetic 

2 material traiisport system, the electroldnetic material tnmsport systCTi coihprisihg: 

3 a plurality of electrodes in electrical contact with difiereiit points in the microscale 

4 channel; * i : : ; _ . 

5 an electrical power simply separately electrically coupled to each of the pluhdity of 

6 electrodes for delivering a sq)arate voltage to each of the plurality of electrodes to create a 

7 voltage gradient between the different points in the micros 
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